We sought to estimate the proportion of patients admitted to a metropolitan intensive care unit (ICU) who were current smokers, and the relationships between ICU survivors who smoked and smoking cessation and/or reduction six months post-ICU discharge. We conducted a prospective cohort study at a metropolitan level III ICU in Melbourne, Victoria. One hundred consecutive patients who met the inclusion criteria were included in the study. Inclusion criteria consisted of patients who were smokers at time of ICU admission, had an ICU length of stay greater than one day, survived to ICU discharge, and provided written informed consent. A purpose-designed questionnaire which included the Fagerstrom test for nicotine dependence and evaluation of patients' attitude towards smoking cessation was completed by participants following ICU discharge and prior to hospital discharge. Participants were re-interviewed over the phone at six months post-ICU discharge. Of the 1,062 patients admitted to ICU, 253 (23%) were current smokers and 100 were enrolled. Six months post-ICU discharge, 28 (33%) of the 86 participants who were alive and contactable had quit smoking and 35 (41%) had reduced smoking. The median number of reported cigarettes smoked per day reduced by 40%. Participants who initially believed their ICU admission was smoking-related were more likely to have quit six months post-ICU discharge (odds ratio 2.98; 95% confidence intervals 1.07, 8.26; P=0.036). Six months post-ICU discharge, 63/86 (74%) of participants had quit or reduced their smoking. Further research into targeted smoking cessation counselling for ICU survivors is indicated.
The adverse effects of smoking are well described 1 and public health initiatives are in place to encourage people to quit smoking 2 . However, smoking-related illness remains a significant burden for healthcare systems 3 , and is also significantly over-represented in patients with mental illness 4 . While interventions including nicotine replacement therapy and counselling have been evaluated in hospital settings, including the preoperative environment, the optimal intervention is unknown 5 . Furthermore, there is little research evaluating the efficacy of smoking cessation interventions in the intensive care unit (ICU) 6 , or whether the experience of an ICU admission influences attitudes towards smoking cessation. A small randomised controlled trial demonstrated an 89% reduction in smoking in participants who were provided smoking cessation advice (relative risk [RR] 0.11; 95% confidence intervals [CI] 0.02, 0.64) 6 .
The background rate of independent smoking cessation in the Australian community is between 2% and 7% 7, 8 . A systematic review of 17 trials found smokers given cessation advice by medical practitioners had an increase of the likelihood of quitting, compared to no advice (RR 1.66; 95% CI 1.42, 1.94) 2 . Tertiary health prevention (including smoking cessation counselling and other interventions such as rehabilitation) may be important to improve ICU survivors' health and quality of life 9 , including those with mental illness, as smokers are over-represented in this population 4 . Further knowledge may assist in appropriate allocation of resources. While there is a belief that the scare of an ICU admission may lead to smokers quitting or reducing their habit, no evidence exists to confirm or refute this. Accordingly, we conducted this prospective cohort study to determine the incidence of smokers admitted to a level 3 ICU, to investigate the associations between smoking cessation and/or reduction and ICU admission six months post-ICU discharge, and to investigate the associations between ICU survivors with previous mental illness and smoking cessation and/or reduction six months post-ICU discharge.
Methods
This was a single-centre (Footscray Hospital ICU, Melbourne, Victoria), prospective, observational cohort study. A sample size of 100 was determined by convenience, as there were no previous data to inform a sample size calculation. All patients scheduled for discharge from ICU, who had an ICU length of stay of greater than 24 hours and were current smokers were approached to participate. Patients with a known intellectual disability were excluded. Institutional ethical approval was received (LNR/14/WH/47) and written informed consent was obtained.
Baseline data
The following data were collected on the day of planned discharge from ICU: • The Fagerstrom Questionnaire for Nicotine Dependence 10 .
The Fagerstrom score categorises smokers' nicotine dependence as low (score of 0 to 2), low-moderate (score of 3 to 4), moderate (score of 5 to 7) and high (score of 8 to 9). • Questions about patient smoking behaviours including signs of readiness to quit smoking 11 , specifically: -Do you wish to quit smoking? (no/yes) -Are you motivated to quit smoking? (no/yes) -Are you motivated to quit smoking within one month? (no/yes) • Do you believe that your ICU admission is related to your smoking behaviour? (no/yes) • Do you believe that you will quit or reduce smoking as a result of this ICU admission? (no/yes) • Would you like to be referred to QUIT Victoria® 12 ? (no/ yes) This was asked purely for ethical reasons as we were discussing quitting smoking with the participants. It was not an intervention. QUIT Victoria is the main populationlevel tobacco control agency in Victoria, Australia. It is a state government-funded initiative 12 . Additional demographic (age, sex, admission diagnosis) and clinical information (Acute Physiology and Chronic Health Evaluation [APACHE] III score, history of mental illness, length of stay in ICU [days] and reason for admission to ICU) were recorded at the time of data collection. The reason for admission was recorded as being smoking-related or not. At the end of the ICU admission, the intensive care registrar or consultant was asked by an investigator if they believed the patient's smoking behaviour contributed to their ICU admission.
This was asked in order to investigate clinicians' beliefs around smoking behaviour contributing to critical illness.
Six-month follow-up data collection
Six months post-ICU discharge, the Fagerstrom Questionnaire for Nicotine Dependence was repeated to determine nicotine dependence at this point in time, together with the questions below. These were repeated to determine if there was any change in smoking behaviour and/or attitudes towards smoking since ICU discharge. This was asked purely for ethical reasons as we were discussing quitting smoking with the participants. It was not an intervention.
Statistical methods
Characteristics of the enrolled participants are presented as mean and standard deviation for normally distributed continuous variables and frequency and proportions for categorical variables. We performed logistic regression to estimate any univariable associations with smoking cessation and/or smoking reduction. Multivariable logistic regression analyses were performed after adjusting for age and sex. The assumption of a linear association for numerical exposure variables (i.e. length of stay and APACHE III score) and the log odds model was tested by comparing logistic regression models with categorical (tertile groupings) and pseudocontinuous exposure variables by likelihood ratio tests. All analyses were done using Stata version 13.1 (StataCorp LP, College Station, TX, USA).
Results
Over a 13-month period (7/2014 to 7/2015), 1,062 patients were admitted to Footscray Hospital ICU, of whom 253 (23%) were smokers. The demographic and clinical details of the 100 participants are presented in Table 1 ; 66/100 (66%) were male and 64/100 (64%) had an ICU stay of 1 to 3 days. At ICU discharge, 83/100 (83%) participants believed that they would quit smoking because of their ICU experience, and 92/100 (92%) reported a desire to quit smoking at that time. Eighty-four out of 100 (84%) participants reported a motivation to quit smoking and 76/100 (76%) reported a motivation to quit smoking within one month. The median reported number of cigarettes smoked per day for the 100 participants at baseline (prior to ICU admission) was 15 (interquartile range [IQR] 10 to 20), and the median Fagerstrom score was 5/10 (IQR 3 to 7) (moderate nicotine dependence). A history of mental illness was present in 25/100 (25%) participants. Thirty-four percent of ICU admission reasons were determined to be smoking-related. Forty-five percent of participants' ICU admissions were believed to be smoking-related when the ICU registrar or consultant was asked this at the end of the ICU admission.
At six months post-ICU discharge, 86/100 participants were alive and contactable. Of these 86 participants, 28 (33%) had quit smoking and 35/86 (41%) had reduced their smoking by at least 20% ( Table 2 ). Of the 58 people who had not quit smoking, 52 (90%) reported a desire to quit smoking, 49 (84%) reported a motivation to quit smoking and 40 (68%) reported a motivation to quit smoking within one month. At six months post-ICU discharge, the median reported number of cigarettes smoked per day reduced to six (IQR 0 to 20) and the median Fagerstrom score reduced to three (IQR 0 to 5) (low nicotine dependence). Participants' belief at ICU discharge that ICU admission was related to smoking was the only factor found to be significantly associated with quitting smoking. Of the 86 participants alive and contactable at six months post-ICU discharge, 70 had believed at ICU discharge that they would quit smoking due to ICU ( Table 2 ). Of the 28/86 participants who had quit smoking six months post-ICU Table 1 Baseline characteristics of the participants included in the smoking cessation audit: July 2014 to July 2015. discharge, 23 had initially believed that they would quit due to ICU. That is, 33% (23/70) of those who initially believed they would quit due to ICU had quit, and a similar 31% (5/16) of the 16 people who did not initially believe they would quit due to ICU had actually quit at six months post-ICU (Table 2) . A further 35 participants had reduced their smoking six months post-ICU discharge (Table 2) , of whom 29/35 believed at ICU discharge that they would quit smoking. That is, 41% (29/70) of the people who initially believed they would quit due to ICU had reduced their smoking at six months post-ICU discharge. For the 16 participants who did not believe they would quit due to ICU, six (37%) had reduced smoking at six months post-ICU discharge ( Table 2) . Thus, the patient's view of whether they would/would not reduce smoking did not influence the actual proportion smoking at six months post-ICU. In summary, 73% (63/86) participants had quit or reduced their smoking at six months post-ICU discharge, and 70% (44/63) of these believed they quit or reduced their smoking because of their ICU experience.
Multivariable logistic regression analysis showed that the only variable associated with quitting smoking at six months post-ICU discharge was participants' belief at ICU discharge that their ICU admission was related to their smoking (odds ratio 2.98; 95% CI 1.07, 8.26; P=0.04 [ Table 3 ]). Length of ICU stay, severity of illness, nicotine dependence or mental illness were not associated with quitting smoking at six months post-ICU discharge. Of those who quit smoking, 27 initially reported a desire to quit (odds ratio 0.81; 95% CI 0.04, 15.09; P=0.89 [ Table 3 ]). Only seven participants did not express the desire to quit smoking and of these, none had quit smoking at six months post-ICU discharge. Mental illness was not found to be significantly associated with quitting (odds ratio 0.84; 95% CI 0.26, 2.76; P=0.77 [ Table 3 ]).
No factors were found to be significantly associated with participants' likelihood of reducing smoking six months post-ICU discharge (Table 4 ). However, the desire to quit smoking at the ICU admission was associated with a five-fold increase in the participant reducing smoking at six months post-ICU discharge (odds ratio 5.07; 95% CI 0.84, 30.65; P=0.08 [ Table  4 ]). Of those who reduced smoking, 32 reported a desire to quit at ICU discharge ( Table 4 ). Two of those who reduced smoking at six months post-ICU discharge had initially stated that they did desire to quit (Table 4 ). Mental illness was not found to be significantly associated with reducing smoking (odds ratio 1.04, 95% CI 0.31, 3.47; P=0.94 [ Table 4 ]) post-ICU discharge. Table 3 Logistic 
regression model for the association between the following characteristics/variables and whether the participant quit smoking post-ICU admission

Discussion
We report ICU survivors' attitudes towards smoking cessation and their smoking behaviours after ICU discharge. Of the patients admitted to our Australian metropolitan level 3 ICU, 25% were active smokers (versus a 15% smoking rate in the broader Australian community) 13 . Greater than 80% of participants believed they would quit smoking consequent to their ICU experience. At six months post-ICU discharge, of the participants who were alive and contactable, 30% reported that they had actually quit and a further 40% had reduced their smoking by at least 20%. Seventy percent of those who quit or reduced reported that this was due to their ICU experience. Patient belief that their ICU admission was due to smoking was the only statistically significant variable found to be associated with participants' smoking cessation.
Our results suggest that people who smoked on ICU admission may be amenable to smoking cessation interventions at ICU discharge. More than 80% of participants reported at ICU discharge that they believed they would quit smoking. At six-month follow-up, one-third of participants had quit smoking and a further 40% had reduced smoking. Moreover, 70% of the participants believed their changed smoking behaviour was due to their ICU experience. Multivariable logistic regression analysis only identified one factor that was associated with the likelihood of participants quitting smoking by six months post-ICU discharge-patient belief that their ICU admission was related to smoking. Of the 7/100 participants who reported that they did not desire to quit smoking at ICU discharge, none of these had quit at follow-up, although the small number precluded further subgroup analysis. Thirty-four percent of ICU admission reasons were determined to be smoking-related. However, 45% of participants' ICU admissions were believed to be smoking-related when the ICU registrar or consultant was asked this at the end of the ICU admission. This difference may be due to the fact that the ICU clinician had the patient's history and admission to include in their decisionmaking. That is, smoking-related admissions may have been underestimated without the additional knowledge of the participants' history and presentation. ICU admission may have a perceived effect on smoking behaviour six months post-ICU discharge, regardless of whether participants initially believed they would stop smoking. A 33% quit rate post-ICU is considerably higher than the community background quit rate of 2% to 7% 7, 8 . Additionally, at six months post-ICU discharge, half the participants believed that their ICU experience caused them to quit or substantially reduce smoking. It is possible that the experience of ICU and seeing critically ill patients acted as a 'wakeup call': participants saw and experienced the potential consequences of smoking, rather than simply hearing about them.
This is the first study to our knowledge to examine the effect of ICU admission on survivors' beliefs and behaviour related to smoking. While a previous randomised controlled trial (n=61) examined the effect of a general ICU rehabilitation package on a number of outcomes including quitting smoking, it did not specifically investigate the level of smoking reduction, participants' reasons for doing so, or participants' attitudes towards smoking post-ICU 6 . The exact rate of smoking (i.e. number of cigarettes per day) on ICU admission or at follow-up was not discussed in this paper 6 . Awareness of ICU survivors' attitudes towards smoking cessation could assist clinicians and policy makers in appropriate resource allocation 9 . Our results raise questions about how best to manage these patients, given that smokers have high healthcare utilisation with consistently poorer health outcomes than non-smokers 14 . Moreover, ICU survivors' healthcare utilisation is higher than people who have not experienced an ICU stay 15, 16 and increased emphasis is being placed on survivors' long-term physical and cognitive outcomes 17, 18 .
Our study has some limitations. It is a single-site study of a convenience sample of 100 ICU patients based on participants' beliefs about smoking, rather than objective verification of smoking behaviour. We acknowledge that self-reported tobacco use may be an underestimate of true tobacco use 19 , and that we did not objectively verify participants' responses. Nonetheless, self-reported tobacco use is commonly used to monitor cigarette smoking trends, both for research purposes and for public health and population purposes 19, 20 . It is possible that both pre-and post-ICU smoking behaviour was under-reported by study participants, However, we were interested in investigating the difference between pre-and post-ICU smoking and we have no reason to believe that participants would differentially report their smoking habits before and after an ICU admission. Part of the study's objectives was to learn about participants' beliefs and perceptions of smoking and how an ICU admission affected these; accordingly there was the potential for Hawthorne effect 21 . The potential for recruitment bias also exists-it is possible that those who consented to participate in the study were more open to discussing quitting smoking. It is also possible that participants may have been exposed to other smoking cessation counselling after ICU discharge that may have influenced their behaviour. Participants were offered referrals to QUIT Victoria for ethical reasons only (it was considered unethical not to offer assistance to participants given that discussion about smoking cessation had occurred), and it is likely this information influenced the behaviour of those who accepted it. Caution must be taken when applying results to other centres, especially given the high number of smokers initially admitted to ICU, which may not be generalisable to all ICUs. The community rate of smoking among adults is 17% in the USA 22 , 41% among adult males and 22% of adult females in Europe 23 and 15% in Australia 14 .
A larger multicentre study is required to accurately compare the community rate of smoking to the percentage of ICU admissions who are smokers.
Health systems and ICU clinicians could consider initiatives to improve long-term outcomes of ICU survivors who were smoking on admission. There are already strategies that considerably increase quit rates in other areas, such as the perioperative setting 5, 13, 24 . Our study demonstrates that there is no particular subpopulation of ICU survivors who smoked on admission who should be targeted. Rather, all smokers admitted to ICU should be encouraged to quit. Similar to in the community, all health professionals should be assisting all smokers to quit 2 . Currently, there is limited evidence that an interventional program will reduce smoking rates post-ICU, and we need to keep in mind that we cannot definitively conclude causation without a control group 25 . The hypothesis that a smoking cessation intervention following ICU admission will reduce smoking rates requires testing in a randomised trial.
In this single-site, prospective observational study, a considerable majority of ICU survivors who smoked on admission to ICU believed that they would quit or reduce smoking as a result of their ICU experience. Of those who were alive and contactable six months post-discharge, threequarters had either quit or reduced their smoking, with the number of cigarettes smoked per day reduced by 40%. Seventy percent of the patients who quit or reduced their smoking reported that this was due to their ICU experience. Given that the background rate of quitting smoking in the community is 2% to 7%, we suggest that an ICU admission appears to influence quitting rates, which could be capitalised on by clinicians. Further research into the effect of targeted smoking cessation interventions at ICU discharge is warranted. Such interventions could play a significant role in improving long-term ICU outcomes and reducing healthcare utilisation.
